UV-vis absorption spectra were performed on Lambda 25 spectrophotometer. Current density-voltage (J-V) curves of the solar cells were characterized by a Keithley 2420 source
meter. A standard silicon solar cell was used to calibrate the light intensity. The external quantum efficiencies (EQEs) of devices were measured using a certified Newport incident photon conversion efficiency (IPCE) measurement system. Atomic force microscopy (AFM) was performed by tapping mode under an argon atmosphere, using an Agilent 5400 instrument. Transmission electron microscopy (TEM) were performed by a HITACHI H-7650 electron microscope at an accelerate voltage of 100 kV. DSC measurement was performed by DSC Q2000 V24.11 Build 124 at a heating rate of 10°C/min under a nitrogen atmosphere.
Two dimensional grazing incidence X-ray diffraction (2D-GIXD) were performed on Xeuss 2.0. The X-ray source was MetalJet-D2, Excillum and detector was Pilatus3R 1M, Dectris.
The water contact angle (WCA) measurement was performed on JY-PHb.
Material and reagents
P1, P2, LA1 were synthesis by our group according to the reference. 1,2 NCBDT-4Cl was purchased from Solarmer Materials Inc. Other chemicals were all purchased commercially and used as received. followed by annealing at 160°C for 20 min. After that, the ITO glasses were transferred to a glove with nitrogen atmosphere. The chlorobenzene (CB) solutions (10 mg/mL for polymer) with different ratios of acceptors were stirred at room temperature for 5 hours before spin coating. Additive (DPE) was added into the ternary blend solution 1 hour before spin coating.
Fabrication and characterization of devices
The binary and ternary blend films were spin coated on the ITO substrate as the active layers (~100 nm) at different speed. Afterwards, PDINO, the electron transporting layer was spin coated onto the active layer at 3000 rpm for 10 s. Finally, the samples were transferred to a vacuum chamber for the deposition of Al (30 nm) at high vacuum (10 -5 Pa). The active area for each cell is 0.1 cm 2 . All PSCs were measured under illumination of an AM 1.5G solar light simulator at 100 mW/cm 2 . Figure S1 . J-V curves of P1 and P2 ternary devices with various weight ratios. 
